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Infrared spectroscopy, by probing the molecular
vibration of chemical bonds, directly indicates tissue
biochemistry. An expanding body of literature suggests
that infrared spectra distinguish diseased from normal
tissue. The authors used infrared spectroscopy to
examine basal cell carcinoma to explore distinctive
characteristics of basal cell carcinoma versus normal
skin samples and other skin neoplasms. Spectra of
epidermis, tumor, follicle sheath, and dermis were
acquired from unstained frozen sections, and analyzed
qualitatively, by t-tests and by linear discriminant
analyses. Dermal spectra were significantly different
from the other skin components mainly due to absorp-
tions from collagen in dermis. Spectra of normal
epidermis and basal cell carcinoma were significantly
different by virtue of subtle differences in protein
structure and nucleic acid content. Linear discriminant
Basal cell carcinoma (BCC) of the skin is the mostcommon cancer in Caucasians. The annual incidenceof nonmelanoma skin cancer in Canada is predicted tobe 64,000 (Canadian Cancer Statistics, 1998); roughly750,000 new cases of BCC occur annually in the
U.S.A. (Miller, 1995). Although BCC are slow growing and rarely
metastasize, there are variants which manifest aggressive local
growth and tissue destruction. BCC are thus histologically classified
into indolent and aggressive subtypes (Sexton et al, 1990; Kirkham,
1997). The former include superficial and circumscribed BCC,
whereas the aggressive types, which manifest wide local invasion
and a high recurrence rate, include infiltrative, morpheaform, and
metatypical subtypes (Crowson et al, 1996). BCC is often hard to
distinguish clinically from other skin lesions such as melanocytic
nevi, warts, seborrheic keratoses, actinic keratoses, fibrous papules,
and sebaceous hyperplasia. Thus, light microscopic examination of
skin biopsies is the standard for the confirmation of diagnosis.
The investigation of biomolecules by vibrational spectroscopy is
emerging as a powerful diagnostic medical tool (Kellar et al,
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analysis characterized spectra as arising from basal cell
carcinoma, epidermis, or follicle sheath with 98.7%
accuracy. Use of linear discriminant analysis accurately
classified spectra as arising from epidermis overlying
basal cell carcinoma versus epidermis overlying non-
tumor-bearing skin in 98.0% of cases. Spectra of basal
cell carcinoma, squamous cell carcinoma, nevi, and
malignant melanoma were qualitatively similar. Dis-
tinction of basal cell carcinoma, squamous cell
carcinoma, and melanocytic lesions by linear discrim-
inant analyses, however, was 93.5% accurate. There-
fore, spectral separation of abnormal versus normal
tissue was achieved with high sensitivity and speci-
ficity, which points to infrared spectroscopy as a
potentially useful screening tool for cutaneous
neoplasia. Key words: infrared spectroscopy/linear discrimin-
ant analysis/skin cancer. J Invest Dermatol 112:951–956,
1999
1994; Jackson and Mantsch, 1997, 1996). Raman and infrared
spectroscopy (IRS) are two such modalities. Several in vivo and ex
vivo (biopsy obtained) Raman and attenuated-total-reflectance IR
spectroscopic studies of skin have been reported. In vivo Raman
and IR studies have not examined skin cancers, but focus on the
effect of hydration and penetration enhancers on the stratum
corneum (Bommannan et al, 1990; Pirot et al, 1997; Lucassen et al,
1998). Ex vivo Raman and IR studies indicate differences between
skin tumors and normal skin (Gniadecka et al, 1997a; Wong et al,
1993, 1997b); however, such studies have not taken into account
the effect of the heterogeneous nature of the skin.
Raman and IR spectroscopies are complementary techniques,
but IRS offers certain advantages, such as superb signal to noise
and rapid acquisition times. IRS is based upon the absorption of
IR light by covalent bonds as they vibrate. The intensity of the
absorption in the IR spectrum gives information concerning the
biochemical composition of the sample. On the other hand,
the frequency (wavelength) of the absorption of IR light gives
information concerning structure, conformation, and intermole-
cular interactions, and depends on such factors as the nature of the
bond (C–C, C–H, C5C, C5O), the atoms involved in the bond
(C, H, N, O), and the type of vibration (stretching, bending).
Main IR tissue absorptions arise from vibrations of C5O, N–H,
C–H and P5O groups, which provide information relating to
lipid, protein, and nucleic acids. Changes in molecular structure
and composition as a result of disease are reflected in variations in
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those absorptions in IR spectra (Choo et al, 1993, 1995; Schultz
et al, 1996; Eysel et al, 1997).
IRS has the potential to be a powerful tool for investigating the
molecular nature of skin disorders, and may have promise as an
early screening tool. The objectives of this study were 3-fold: (i)
to determine whether the IR spectrum of skin was altered in BCC;
(ii) to determine whether BCC could be distinguished from other
skin lesions (melanocytic lesions and squamous cell carcinoma);
and (iii) to determine whether different subtypes of BCC lesions
could be identified. Whereas this study was performed on tissue
obtained at biopsy, we hope in the future to use the information
obtained in this study to develop a noninvasive technique.
MATERIALS AND METHODS
Sample preparation and data acquisition Thirty-two BCC excision
specimens, five melanocytic lesions, and seven squamous cell carcinomas
(SCC) were selected for study from archives. Neoplastic and tumor-free
areas from the excision were studied in all cases. Samples were received
fresh, and after painting surgical margins with India ink, a transverse section
from each grossly visible tumor was frozen in liquid nitrogen and stored
at –70°C. A 1 mm3 piece of tumor was fixed in gluteraldehyde and
embedded in Epon for electron microscopy. The remaining sample was
fixed in formalin and embedded in paraffin. Five micron sections were
stained with hematoxylin and eosin and examined by light microscopy.
Diagnosis was made by a single pathologist. For BCC specimens, the
presence or absence of superficial, circumscribed, and infiltrative growth
patterns (Sexton et al, 1990; Crowson et al, 1996; Kirkham, 1997) were
noted. Superficial BCC was defined as an atypical basaloid proliferation
contiguous with, and parallel to, the long axis of the epidermis with
prominent stromal retraction. Circumscribed (nodular) BCC was defined
by an endophytic lobular extension of atypical basaloid cells into the
reticular dermis. Infiltrative BCC was defined by infiltrative cords and
irregular nests of basaloid tumor cells, associated with prominent stromal
fibroplasia contributing significantly to the substance of the tumor. In this
study, 13 of the 32 specimens showed two or more growth patterns. There
were 15 aggressive-growth tumors, all of infiltrative pattern, and 33 indolent
growth neoplasms, comprising 22 nodular and 11 superficial patterns.
The non-BCC skin lesions included SCC in situ (five cases), invasive
SCC (two cases), malignant melanoma (two cases), and three dysplastic
nevomelanocytic proliferations (two lentiginous/junctional nevi and one
compound dysplastic nevus). A human melanoma cell culture (B16f1) was
also analyzed to provide baseline spectra for band assignments.
Following diagnosis, frozen tissue blocks were transported on ice to the
Institute for Biodiagnostics, Winnipeg, Canada for IR microspectroscopy.
Frozen tissue blocks were mounted on to the cryostat chuck with a small
drop of optimal cutting medium (OCT; Tissue-Tek), with care being
taken not to get OCT on the block face. Thin sections (7 µm) were
obtained that were immediately adjacent to and mirror images of those
obtained from the paraffin-embedded blocks. Sections were placed on to
CaF2 windows and air-dried. A second, serial section was placed on a glass
slide and stained with hematoxylin and eosin to orient collection of spectra
from the unstained section. The window was then placed in a cell holder
under a Bruker IRScope II IR spectrometer (Equinox 55) equipped with
a liquid nitrogen cooled mercury cadmium telluride detector. The IR
microscope functions as a beam condenser, focusing IR light on to small
areas, allowing high quality IR spectra to be obtained from small samples.
For each spectrum, 256 interferograms were collected, signal averaged,
and Fourier transformed to generate spectra with a resolution of 4 cm–1.
Spectra were acquired by defining a discrete area of interest (20 3 20 µm)
using a knife edge aperture. In this way, a spectrum from one skin
component (i.e., epidermis) was collected without contamination from
other skin components (i.e., dermis, tumor). Spectra were acquired from:
(i) the epithelial root sheath surrounding hair follicles (follicle sheath); (ii)
BCC, SCC, and melanocytic lesions; (iii) epidermis; and (iv) dermis. At
least 10 different 20 3 20 µm areas were sampled for each of the four
different skin components in each specimen. For the epidermis, spectra were
sampled from the stratum basale, stratum spinosum, stratum granulosum, and
stratum lucidum (if present), but not the stratum corneum. Epidermal
spectra may be an average of two or more epidermal layers. Note was
taken as to whether the epidermis was overlying or lateral to BCC tumor
nests. Non-necrotic areas of the tumor were sampled in a random fashion.
After spectral acquisition, the tissue section was stained with hematoxylin
and eosin and light microscopy was used for final confirmation of the
histology of sampled areas.
Data processing Spectral bands were assigned according to published
reports (Jackson et al, 1995; Jackson and Mantsch, 1995, 1996, 1997; Liu
Figure 1. A representative IR spectrum from cultured human
melanoma cells (B16f1). The origin of the major absorption bands
is indicated.
et al, 1996). Initial spectral interpretation of mean spectra from each region
was performed using the classical group frequency approach. Using this
approach, absorptions in defined spectral regions are associated with
particular functional groups within molecules. In this way the gross
biochemical characteristics of tissue giving rise to a spectrum were inferred.
Student’s t-tests (Statistica 5.1, StatSoft) were applied to spectroscopic
data to assess the significance of spectral differences at each spectral
wavelength. Prior to t-tests, second derivative spectra were calculated from
normalized spectra and multiplied by –1 (to aid in visualization). Calculation
of second derivative spectra serves to eliminate baseline and offset variation,
and has the additional benefit of improving the separation between
overlapping absorption bands, allowing a more complete visualization of
bands in these complex systems. Spectra were normalized to ensure that
differences due to variations in aperture size and sample thickness were
not obtained.
Non-subjective classification of normalized spectra was performed using
a linear discriminant analysis (LDA). First, a genetic algorithm was imple-
mented to select the regions of the spectra that contained the most useful
information. These spectral regions were then subjected to LDA (Somorjai
et al, 1995; Eysel et al, 1997). LDA determines the boundaries that best
separate classes by computing the distance of each spectrum from all class
centroids. It then allocates each spectrum to the class whose centroid is
nearest. Data were split into a training set, which was used to train the
LDA algorithm to find the discriminatory patterns in the data, and a test
set to assess the accuracy of the trained algorithm.
RESULTS
Qualitative analysis A starting point for understanding a com-
plex tissue spectrum is the examination of IR spectra of some or
all the individual cellular components present within the tissue. A
representative spectrum of cultured human melanoma cells (B16f1)
is shown in Fig 1. By attributing the major absorption bands in
the spectrum to chemical groups arising from specific molecules
within the cells (Fig 1), biochemical information may be obtained.
Absorption bands from cellular proteins, membrane lipids, and
nucleic acids are observed, providing information relating to the
structure and concentration of these materials within the cells.
Representative spectra of follicle sheath, BCC, epidermis, and
dermis are shown in Fig 2 (also see Fig 3A). The major absorptions
noted in Fig 1 are present in spectra of each skin component.
Significant differences exist, however, between the four tissue
components. Qualitatively, the following differences were noted.
(i) The character of the CH2 and CH3 bands between 2800 and
3000 cm–1 in the dermis was different from the other three skin
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Figure 2. Sampling areas (inset) and corresponding mean IR
spectra. Spectra were acquired from unstained 7 µm-thick sections. Areas
(20 3 20 µm) of follicle sheath (a), BCC (b), epidermis (c), and dermis
(d), similar to those shown in the micrograph, were sampled. Spectra are
averages of at least 150 areas for each of the four skin components. The
region between 1800 and 2800 cm–1 is normally devoid of absorptions in
biologic systems and therefore is not shown. The intensity of the region
between 2800 and 3000 cm–1 is enlarged by a factor of 3.
components. Both the absolute intensity of the CH2 absorptions
and the ratio of the CH2 and CH3 intensities were decreased in
the dermis. (ii) The intensity of the CH2 absorption was most
intense in follicle sheath spectra. (iii) The lipid C5O stretching
vibration at 1740 cm–1 was most intense in spectra of follicle sheath,
and weakest in spectra from the dermis. (iv) The character of the
protein C5O band between 1600 and 1700 cm–1 and the protein
N-H band between 1500 and 1600 cm–1 was different in the skin
components. In particular, a strong shoulder at 1634 cm–1 (collagen)
was present in dermis spectra. (v) A series of absorption bands
assigned to collagen (1035, 1080, 1204, 1240, 1280, and 1330 cm–1)
were observed in spectra of dermis, but not in spectra of follicle
sheath, BCC, epidermis or cultured melanoma cells. (vi) Absorption
bands at 1080 and 1240 cm–1 (phosphate groups of nucleic acids)
were most intense in BCC spectra. Also, the absorption at 980
cm–1 (ribose groups of nucleic acids) was increased in BCC
tumor spectra.
The following qualitative differences were observed in spectra
of melanocytic lesions, SCC and BCC (see Fig 3B). (i) All three
tumor types had increased nucleic acid absorptions (980, 1080,
1240 cm–1) compared with normal epidermis. (ii) BCC tumor cells
appeared to contain more lipid-like material than melanocytic
lesions and SCC, as judged from the increased lipid ester C5O
(1740 cm–1) and acyl chain CH2 bands. (iii) A shoulder was present
on the DNA absorption band at 1080 cm–1 in melanocytic lesions
and SCC (asterisk in Fig 3B).
Quantitative analysis Figure 4 shows t test results on spectra
of epidermis versus dermis and epidermis versus BCC. Mean second
derivative spectra are shown in the top panels, and corresponding
plots of the p-value at spectral wavelengths are shown in bottom
panels. Significant differences (p , 0.05) occurred between spectra
of dermis and epidermis throughout the spectrum. Specifically,
there were significant differences in absolute and relative intensity
Figure 3. Optimal classification regions of class average IR spectra.
Top panel: The eight regions for optimal classification of this data set are
indicated in the shaded regions, which are superimposed over class average
spectra of follicle sheath (a), BCC (b), and epidermis (c). Bottom panel: The
six regions for optimal classification are indicated in the shaded regions,
which are superimposed over class average spectra of SCC (a), BCC (b),
and melanocytic lesions (c).
of the CH2 and CH3 bands between 2800 and 3000 cm
–1 (Fig 4a).
In addition, significant differences between spectra of dermis and
epidermis were seen in regions of the spectrum dominated by
absorptions from collagen (Fig 4c). Fewer significant differences
were observed between spectra of epidermis and BCC. Significant
increases in the lipid bands between 2800 and 3000 cm–1 in spectra
of BCC, however, were found (Fig 4b). In addition, BCC spectra
had significantly increased intensities from nucleic acid absorption
bands at 980, 1080, and 1240 cm–1 (Fig 4d).
LDA results are shown in Tables I–IV. A two-class LDA
classifying spectra as arising from dermis or epidermis resulted in
100% correct classification on both training and test data. In order
to make these classifications, the genetic algorithm selected eight
spectral regions, including nucleic acid, collagen, phospholipid, and
protein bands. A three-class LDA classifying spectra arising from
BCC, epidermis, or follicle resulted in 100% correct classification
on training data and 98.7% correct classification on test data
(Table I). Eight spectral regions for optimal classification (Fig 3A)
were included for this LDA, including absorption bands from
phosphate groups of nucleic acids, proteins, and phospholipids.
BCC spectra were then separated into nodular, infiltrative, or
superficial types, and LDA was performed. This resulted in 75.7%
correct classification on training data and 70.4% correct classification
on test data (Table II), with six regions being selected, again
including absorption bands from nucleic acids, proteins, and phos-
pholipids. Most of the misclassifications occurred in infiltrating and
superficial subtypes of BCC, which were mistaken for the nodular
type of BCC. Lastly, we separated spectra of epidermis overlying
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Figure 4. Assessment of significance
of spectral differences. Mean second
derivative spectra (upper panels) and t-test
results (lower panels) comparing epidermis
versus dermis (a) and epidermis versus BCC
(b) in the 2800–3000 per cm region and
epidermis versus dermis (c) and epidermis
versus BCC (d) in the 950–1480 per cm
region. Second derivative spectra were
calculated from normalized absorbance
spectra to eliminate baseline offset variation
and improve the separation between
overlapping absorption bands.
BCC and epidermis overlying nontumor-bearing skin, and per-
formed LDA (Table III). In this case, LDA was able to separate
spectra with 98.0% accuracy on training data and 98.5% on test
data using eight optimal regions.
LDA was performed in an attempt to classify spectra from
epidermis, BCC, SCC, and melanocytic lesions. This resulted in
93.9% correct classification on training data and 96.2% correct
classification on test data using six spectral regions. A three-class
LDA was then performed using only tumor spectra. This resulted
in 93.9% correct classification on test data and 93.5% accuracy on
training data (Table IV). Most of the misclassifications were
between BCC and SCC. The genetic algorithm selected six regions
for optimal classification (Fig 3B), including nucleic acid and
phospholipid absorption bands.
DISCUSSION
This study reports distinct separation of IR spectra from different
skin components and skin neoplasms. Using the microscopic
approach, direct correlation between spectra and histology could
be made, which was required in order to interpret the data based
on the predominant tissue elements in different skin components
(i.e., epidermis, dermis, follicle, tumor).
Valuable information on the molecular nature of different skin
components was obtained by qualitative observation. The frequen-
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Table I. LDA results of BCC, epidermis and follicle sheath spectraa
BCC Epidermis Follicle % Accuracy SP (%) PPV (%)
Training set
BCC 313 0 0 100 100 100
Epidermis 0 134 0 100 100 100
Follicle 0 0 104 100 100 100
Test set
BCC 157 0 0 100 100 100
Epidermis 0 68 0 100 98.1 96.4
Follicle 0 2 51 96.2 100 100
aNumbers in rows represent the histologic classification of the tissue. Results in columns are the calculated classifications. The numbers on the diagonal indicate accurate
classifications. Overall accuracy on training data is 100%. Overall accuracy on test data is 98.7%. SP, specificity; PPV, positive predictive value.
Table II. LDA results of nodular, infiltrating and superficial BCC spectraa
Nodular Infiltrating Superficial % Accuracy SP (%) PPV (%)
Training set
Nodular 113 2 3 95.8 69.8 61.3
Infiltrating 12 21 3 58.3 99.2 97.2
Superficial 20 0 54 73.0 94.6 87.0
Test set
Nodular 53 6 1 88.3 64.3 55.3
Infiltrating 8 9 1 50.0 95.0 83.3
Superficial 10 0 27 73.0 96.4 91.0
aOverall accuracy on training data is 75.7%. Overall accuracy on test data is 70.4%. SP, specificity; PPV, positive predictive value.
Table III. LDA results of epidermis overlying nontumor-bearing skin (N-T epidermis) and epidermis overlying basal cell
carcinoma (tumor epidermis)a
N-T epidermis Tumor epidermis % Accurate SP (%) PPV (%)
Training set
N-T epidermis 134 0 100 96.1 96.2
Tumor epidermis 5 122 96.1 100 100
Test set
N-T epidermis 67 1 98.5 98.4 98.4
Tumor epidermis 1 62 98.4 98.5 98.5
aOverall accuracy on training data is 98.0%. Overall accuracy on test data is 98.5%. SP, specificity; PPV, positive predictive value.
Table IV. LDA results of SCC, BCC, and melanocytic lesionsa
SCC BCC Melanocytic % Accuracy SP (%) PPV (%)
Training set
SCC 91 7 2 91.0 97.9 95.6
BCC 13 298 2 95.2 94.2 89.2
Melanocytic 0 3 63 95.5 98.7 97.3
Test set
SCC 48 2 0 96.0 95.5 91.4
BCC 5 151 1 96.2 95.1 90.7
Melanocytic 2 2 30 88.2 99.7 99.3
aOverall accuracy on training data is 93.9%. Overall accuracy on test data is 93.5%. SP, specificity; PPV, positive predictive value.
cies, intensities, and intensity ratios of the CH2 and CH3 absorption
bands in the dermis are similar to those seen in protein-rich samples
(Jackson et al, 1995), particularly those rich in collagen; this is
consistent with the high collagen content of the dermis. In contrast,
the increased intensity of those absorption bands in follicle sheath,
BCC, and epidermis spectra indicates the presence of lipid-like
materials. Based on the higher cellularity of the epidermis and
tumor tissue compared with the dermis, the increased intensity of
the CH2 absorption bands most likely arises from long chain
membrane phospholipids. Spectra from the follicle sheath had a
higher content of lipid-like material than other skin components,
reflecting the presence of sebum produced by associated sebaceous
glands. Furthermore, identification of dermis spectra was straightfor-
ward, due to the presence of characteristic absorption bands
from collagen.
The distinction between BCC and epidermis was based upon
more subtle spectroscopic differences, which showed a greater
nucleic acid content in BCC cells. No differences were observed,
however, in the frequency of the nucleic acid absorptions. As the
frequency of these absorptions is sensitive to hydrogen bonding
within nucleic acids, which reflects nucleic acid structure, the
similar frequency of absorption in epidermis and BCC suggests that
the DNA structure is similar. The structure of the DNA in
melanocytic lesions and SCC, however, was different from that
seen in BCC, as judged from the appearance of a shoulder on the
DNA band at 1080 cm–1 (marked in Fig 3). Distinct differences
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in the shape and position of the nucleic acid absorptions have also
been reported in leukemic cells versus normal lymphocytes (Schultz
et al, 1996).
The above qualitative interpretation of spectra relies upon a
visual assessment of often subtle changes in such variables as peak
position, peak height, bandwidth, and relative changes in these
parameters; this is a method which is highly subjective and depends
upon the skill of the spectroscopist. More objective, statistically
based methods for spectral interpretation are desirable. t-tests of
spectra demonstrated significant differences between spectra, and
confirmed qualitative observations. In addition, more subtle
changes, not visible to the eye, were differentiated statistically. For
example, significant increases in the intensities of the CH2 and
CH3 bands in BCC were found, suggesting an increase in membrane
lipids in BCC cells compared with epidermal cells. Such an increase
in membrane lipids has been demonstrated in other neoplasms
(Mountford and Wright, 1988) and could be a feature of the
malignant phenotype.
Interpretation of t-tests still requires some degree of spectral
knowledge before differences can be understood, does not indicate
which differences are the most reliable diagnostic indicators, and
does not take into consideration the pattern of spectral changes.
Furthermore, regions in which no significant differences are
observed may be important diagnostically. For example, if a change
in the lipid/protein ratio of a sample is diagnostic, analysis of lipid
absorptions alone will not necessarily provide the correct diagnosis.
Both sets of absorption bands must be analyzed. Multivariate pattern
recognition techniques such as LDA can be trained to determine
intrinsic patterns, or fingerprints, in a large number of variables
that characterize particular groups of spectra. Spectra of unknown
origin can then be analyzed to assess the pattern present in the
unknown spectrum and a classification of tissue type made based
upon this analysis. This method of analysis resulted in very high
classification accuracy of the different spectra obtained in this study.
In agreement with qualitative observations and t-tests, dermal
spectra were readily separated from the spectra of epidermis. Also,
epidermis, follicle, and BCC spectra were correctly classified with
a very high degree of sensitivity and specificity. The spectral regions
selected as containing diagnostic information in this case indicate
that there are important changes in phosphate groups of nucleic
acids, namely, an increase in nucleic acid phosphate content in
BCC. Subtypes of BCC were correctly classified with less success,
perhaps reflecting similarities in their tissue biochemistry. LDA of
epidermis overlying BCC versus epidermis overlying normal tissue
indicates that there are subtle changes in the biochemistry of the
epidermis in the vicinity of the tumor. This is particularly exciting,
as it implies a potential role for in vivo IRS in predicting the
location of a deep BCC based on a superficial examination of the
epidermis, as well as for determining tumor margins.
The fact that we were able to separate epidermis, BCC, SCC,
and melanocytic lesions with such high accuracy indicates that IRS
does not only identify the presence of a skin neoplasm, but also
differentiates different types of skin tumors. It is interesting that
most of the misclassifications occurred between BCC and SCC.
These are clinically more similar to each other than melanocytic
lesions, and both BCC and SCC originate from keratinocytes,
whereas melanocytic lesions originate from melanocytes.
CONCLUSIONS
IRS is a valuable and effective tool for the evaluation of skin
neoplasms. When used in conjunction with sophisticated statistical
analyses, such as LDA, IRS allows a nonsubjective examination
and classification to be made. Normal skin clearly differs from
BCC specimens. The differentiation between normal skin and
BCC is due to unique characteristics of BCC, not due to a general
skin tumor phenotype. Classification of BCC subtypes is more
difficult, but still holds promise.
The authors wish to acknowledge the technical expertise of James Mansfield. Issued
as NRCC publication number 34807.
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